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Abstract 
Increasing energy-demand and environmental concerns are leading to a growing interest in alternative and 
sustainable energy solutions. Low-grade waste heat recovery through ORC systems is considered to be one of the 
most feasible eco-friendly energy conversion technologies. 
In this paper, a comprehensive model of an organic Rankine cycle (ORC) system for micro-CHP applications is 
presented in order to compare the behavior under part-load conditions of two types of positive displacement 
expanders, a single-screw expander and a scroll expander. The ORC model is implemented in the AMESim® 
environment, which allows system modeling both for steady-state and transient analysis. Typical residential electrical 
and heating loads are considered to study the performances of a suitable small-scale system. 
By means of a detailed quasi-1D model for a single-screw expander and a Reverse Engineering (RE)-
Computational Fluid Dynamics (CFD) approach for a scroll expander, the performance characteristic maps of both 
expansion machines, in terms of isentropic efficiency as function of expansion ratio and rotational speed, have been 
determined and implemented in the AMESim® model. 
A comparison between the selected expanders is presented to address the influence of different positive 
displacement-type expanders on the overall ORC performances at off-design conditions. The capability of the system 
to meet the requested loads is also discussed. 
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1. Introduction 
Nowadays, the organic Rankine cycle (ORC) represents a suitable technology to recover waste heat. 
Although ORCs are widely employed in the medium-high power range, small-scale ORCs (< 10 kWe) are 
gaining interest. Domestic micro-CHP ORC is considered a challenge because of the needs of balancing 
acceptable efficiency and cost effectiveness. In this paper, a simulation model of a micro-CHP system (< 
3 kWe) aimed to meet typical residential loads is considered. The model reproduces the performance 
maps of two volumetric expanders, i.e. a single screw expander (SSE) and scroll, obtained by means of 
two different engineering approaches. 
2. Single-screw expander 
The simulation model of the SSE is based on a quasi-1D approach developed and validated by Ziviani 
et al. [1]. A geometric description of the expander allows the calculation of the swept volume at each 
crank angle, as well as the length of the leakage paths, as depicted in Fig. 1a. The geometry model is a 
component of a comprehensive model represented by a set of differential equations, which include oil-
injection, heat transfer and leakages. A similar approach has been adopted by Mathison et al. [2] to model 
a spool compressor. Several simplifications have been introduced such as: (i) steady-state behaviour, (ii) 
oil is injected as non-deformable and non-interacting spherical droplets with uniform temperature 
distribution, (iii) oil droplets do not influence the gas flow field, and (iv) oil/gas mixture ratio is the same 
in all leakages paths. Convergence of the system of differential equations is ensured by an adaptive step 
solver and minimum residual of the overall energy balance of the expansion process. By varying the inlet 
pressure of the SSE and rotational speed, the performances of the SSE have been determined in terms of 
volumetric and isentropic efficiency. 
3. Scroll Expander 
The scroll expander considered in this paper is an adaptation of a commercial scroll compressor 
Sanden TRSA09-3658. Through an integrated RE-CFD methodology, consisting of the acquisition of the 
geometry with RE procedure and a steady-state simulation, the performance of the expander has been 
determined in terms of pressure, flow rate profiles and volumetric efficiency. The CFD model includes 
the leakage flows which affect the volumetric efficiency. In Fig. 1b, the 3D geometry obtained by means 
of RE is represented. The flank gaps vary from 20 μm to 180 μm while the axial gap is equal to 50 μm. 
The 3D CFD analysis has been carried out by using Ansys Fluent 13.0. In Fig. 1c, a global view of the 
tetrahedral-wedge mesh adopted for the computational domain is shown. The total number of elements is 
7,770,000 with maximum skewness equal to 0.52.  
 
Fig. 1. Expander parameters; (a) Geometry-based model of single screw expander in Matlab®; (b) Scroll RE (c) Mesh of the scroll. 
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The domain discretization includes at least 6 elements in the flank gap and 4 elements in the axial gap. 
The turbulence model chosen is the k-ε model combined with standard wall functions. A 2D CFD 
transient analysis for the Sanden TRSA09-3658 is reported in [3], where the Authors provided a specific 
analysis on the volumetric performance and consequent validation. The volumetric efficiency of the scroll 
expander has been evaluated as the ratio between the calculated volume flow rate managed by the scroll 
and the ideal volume flow rate derived from the theoretical volumes isolated of the scroll expander. 
4. Results and discussion 
The scenario investigated is a low temperature ORC system for residential applications coupled with a 
renewable energy source, such as geothermal or solar energy. The available heat source is in the range 
(80-100) °C. A comprehensive ORC model was developed in AMESim® [4] and is sketched in Fig. 2. 
The proposed models of the expanders, i.e. quasi-1D and CFD, have been used to determine the 
performance maps shown in Fig. 3a-b for the SSE and scroll expander respectively. Since the scroll CFD 
analysis allows only the calculation of the volumetric efficiency, the scroll isentropic efficiency map is 
assumed in accordance with [5] due to similarity with the geometry. It is possible to notice that the SSE 
isentropic efficiency increases with the expansion ratio, while the trend of the scroll isentropic efficiency 
is flat for the expansion ratio greater than 3.5. On the other hand, the SSE volumetric efficiency seems to 
be more independent from the expansion ratio compared to the scroll expander. The generated maps have 
been interpolated in order to obtain parametric equations dependent on expansion ratio and rotational 
speed. Such maps have been integrated into the ORC model. By considering typical daily electrical and 
thermal loads [4], it is possible to compare the overall performance of the ORC under part-load using the 
two different volumetric expanders described by their operating maps. In the simulations, the expander 
rotational speed is fixed at 3000 rpm. The variation of electricity demand is simulated by introducing a 
multi-step signal as input to the pump to  simulate the rotational speed variation. The considered ORC 
working fluid is R245fa. The availability of the hot source is related to the hot water demand. In fact, 
from Fig. 3c, it is clear that the heat load influences the capability of the ORC to cover the electric load. It 
is also possible to notice that the SSE reaches higher power output with a lower isentropic efficiency. The 
reason has to be found in the usual higher pressure ratio (in the range 7-10) at which the SSE operates [1]. 
On the other hand, the scroll expander presents a quasi-flat efficiency, which makes it suitable for low 
power output range. The maximum and minimum values of the ORC overall efficiency and expander 
isentropic efficiency are also reported in Fig. 3c.  
 
Fig. 2. ORC model in AMESim® and a schematic of ORC system coupled with solar thermal energy. 
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Fig. 3. (a) SSE performance map; (b) Scroll expander performance map; (c) Comparison of ORC overall performance   
5. Conclusion 
A comparison between a scroll and single-screw expander (SSE) for low temperature ORC systems for 
residential applications is carried out in this paper. The simulation results show that the SSE presents 
higher power output and leads to higher ORC overall efficiency despite a lower maximum value of the 
isentropic efficiency due to the limited expansion ratio. Otherwise, an optimized scroll expander has the 
potential to be a suitable technology for domestic-scale ORC systems. 
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